Role of Intensive and Extensive Variables in a Soup of Firms in Economy
  to Address Long Run Prices and Aggregate Data by Hosseiny, Ali & Gallegati, Mauro
ar
X
iv
:1
60
8.
02
52
3v
2 
 [q
-fi
n.G
N]
  1
7 J
an
 20
17
Role of Intensive and Extensive Variables in a Soup of Firms in Economy to Address
Long Run Prices and Aggregate Data
Ali Hosseiny1, ∗ and Mauro Gallegati2
1Department of Physics, Shahid Beheshti University, G.C., Evin, Tehran 19839, Iran
2Department of Economics, Università Politecnica delle Marche, Italy
(Dated: November 7, 2018)
We review the production function and the hypothesis of equilibrium in the neoclassical frame-
work. We notify that in a soup of sectors in economy, while capital and labor resemble extensive
variables, wage and rate of return on capital act as intensive variables. As a result, Baumol and
Bowen’s statement of equal wages is inevitable from the thermodynamics point of view. We try to
see how aggregation can be performed concerning the extensive variables in a soup of firms. We
provide a toy model for the aggregate production and the labor income as extensive quantities in a
neoclassical framework.
I. INTRODUCTION
The field of complex systems provides a view point to
study collective behaviors, attracting attention in differ-
ent areas of scientific research. It ranges from percolation
of disease [1, 3] to the social sciences [4]-[7], complex net-
works [8]-[13], biology [14]-[16], earth sciences [17], eco-
nomics, and econophysics [18]-[30], etc. Emergence is one
of the key features to distinguish complex systems from
regular systems. In thermodynamics for example we start
with the kinetic energy and momentum for simple parti-
cles of an ideal gas in the micro level. In the aggregate
level however to address collective behavior we need to
define new parameters such as temperature, pressure, en-
tropy, and free energies which are emerged variables. To
address interaction of different systems, in the aggregate
level, these variables play a crucial role. In addressing
thermal interaction for example, regardless of the micro-
structure of systems, temperature indicates direction of
the flow of heat and energy.
In statistical physics, there is good knowledge about
important parameters for addressing collective behavior.
we can divide state parameters in thermodynamics into
intensive and extensive variables. Intensive variables ad-
dress the equilibrium conditions. After relaxation we ex-
pect at equilibrium, intensive variables to be the same
for interacting systems. Extensive variables however play
different roles and define the measures that are needed
to be added up in aggregation. Now, one may wonder if
in the interaction of sectors in economy we have similar
parameters for addressing equilibrium conditions.
In contrast to physics, in economics, recently
the hypothesis of representative agent and actu-
ally the hypothesis-of-straightforward-path-from-micro-
to-the-macro has been seriously challenged by heterodox
schools (see for example [31]-[34]). Due to some prob-
lems, in economy addressing aggregate behavior is much
harder than physics. One problem is that, in contrast
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to physics, in economics, making new experiments is al-
most impossible. Physicists usually have been working
with table-top experiments and could repeat them fre-
quently. But in economics conducting new experiments
is almost impossible. Another difference is that physics
usually deals with simple substances, while in economics
micro elements are dealt with which creates serious com-
plications. In other words the humans are trying to out-
guess the market and play with it. This makes things
more complicated [35]-[37]. Another problem with the
hard task of aggregation in economics is that in contrast
to physics, economics is engaged with systems with fast
evolution. Every day new technologies are developed and
the relation between different sectors deforms. So, oppo-
site to physics which we can think of long equilibrium, in
economics it is the dynamics that we must deal with.
Economists deal with the problem of evolution by sep-
arating long and short run behaviors. Different schools
however have their own assumptions [38]-[40]. In the neo-
classical framework it is supposed that economy lives in
equilibrium and the Walrasian auctioneer helps different
agents to make their mind and find best strategies [41]-
[43]. Some other schools however emphasize the impact
of market failure, bounded rationality, and far from equi-
librium behavior [44]-[46].
In this paper we consider production function and hy-
potheses concerning its role in addressing long run rela-
tions between different sectors of economy in the micro
and aggregate level. We discuss similarities of the hy-
potheses in economy with the hypotheses in thermody-
namics.
We should notify that many studies have challenged
the hypotheses of the neoclassical framework. There is
friction for finding new skills, and the mobility of labor is
not easy [47, 48]. In addition, the concept of capital has
been debated in the Cambridge Capital Controversy [49]-
[53] (for a review see [54]). Even the whole neoclassical
synthesis has been criticized [55]. Recent works empha-
size cascades, fragility of the market, and its far from
equilibrium behaviour [56]-[58]. In this paper however,
ignoring all debates, we discuss within the neoclassical
2framework and claim that within this framework while
labor, capital, and production play the role of extensive
variables, wage and rate of return on capital resemble
intensive variables.
We revisit Baumol and Bowen’s statement on the im-
pact of equal wages in different sectors [59]. We claim
that their hypothesis is the requirement of the equality
of the intensive variables at equilibrium. In other words
we revisit the Baumol’s cost disease phenomenon [60]-[61]
within a thermodynamics framework. This will provide
physicists a a vision on why expenses for services are
growing quickly in developing countries. Baumol’s cost
disease is a well-known fact in economy. Borrowing some
known concepts in thermodynamics we aim to provide
an impression on it in physics. We then observe how we
can aggregate extensive variables in a soup of firms in a
neoclassical framework.
This paper is organized as follows. In Sec. II we review
the production function and the Cobb-Douglass model.
In Sec. III we discuss the role of intensive and extensive
variables in a soup of firms. We revisit Baumol’s cost
disease phenomenon through a thermodynamics point of
view. In Sec. IV we introduce a toy model and aggregate
extensive variables in this toy model as a mathematical
task. In this toy model we measure some extensive quan-
tities such as production and labor income, and show by
keeping the production functions in the micro level and
the aggregate level unchanged, the labor share in the ag-
gregate level is dramatically shaped.
II. A REVIEW ON PRODUCTION FUNCTION
IN THE MICRO AND AGGREGATE LEVEL.
Production function is a function that addresses out-
put of a firm in terms of population of hired labors and
the value of invested capital
Qa = Ya(TaLa,Ka). (1)
In this equation Qa is the quantity of good a produced
in a firm in sector a. The number of labors hired in the
firm is indicated by La, capital is indicated by Ka, and
productivity is indicated by Ta. The function is supposed
to have scaling properties as
Ya(zTaLa, zKa) = zYa(TaLa,Ka). (2)
Besides, it is supposed to have diminishing return to cap-
ital. It means that it is a convex up function of capital.
Now, to choose strategy to hire more labors or invest
more capital managers need to look at margins. Hiring
more labor and investing more capital are reasonable if
increased output compensates for the prices
Pa∆Ya ≥ ∆LaW, Pa∆Ya ≥ (Rc + δa)∆Ka (3)
in which Pa stands for the price of units of good a, W
indicates wage, Rc is the rate of return for capital and δa
indicates depreciation rate of capital. In a competitive
market we expect
Pa
∂Ya
∂La
=W Pa
∂Ya
∂Ka
= Rc + δa. (4)
The production function is supposed to address allo-
cation of income. Labors’ income in a firm in sector a is
LaW which through Eq. (4) will be
LaW = LaPa
∂Ya
∂La
, (5)
and the income of holders of capital is
Ka(Rc + δa) = KaPa
∂Ya
∂Ka
. (6)
Labor share of aggregate income has been almost sus-
tainable in all developed countries for over a century. To
justify such stylized fact, Cobb and Douglas in 1928 [62]
presented their model. They supposed that the whole
economy has an aggregate production function as the
form
Y = (TLt)
λK1−λt , (7)
in which Lt stands for the total number of labors in a
country and Kt states the aggregate capital. They sug-
gested that by some unknown reasons λ should keep a
sustainable value over time (around 2/3 for the United
States). Plugging aggregate production function from
Eq. (7) into equations (5) and (6) we find a sustainable
share of aggregate income for labors.
Since the presentation of the model, the concept of
aggregate production function generally and the Cobb-
Douglas one especially have been under serious criticism.
The model however, at least from a mathematical point
of view has been able to justify the historical fact of sus-
tainable share of labor income. In this paper we try to
follow a mathematical framework to measure share of ag-
gregate labor income in a toy model.
III. INTENSIVE & EXTENSIVE VARIABLES
AND AGGREGATION IN A SOUP OF FIRMS
Aggregation of production is not possible except if we
consider Baumol’s notification. The first impression was
that given the price of production of good a we can in-
dicate wage of labor in sector a through Eq. (4). In
an influential work in 1966 however, Baumol and Bowen
[59] notified that labors can move amongst sectors and
wages should be roughly equal for all sectors. So, they
concluded that firms are price taker of wage. They noti-
fied that prices should be addressed by Eq. (4). Baumol
and Bowen made a conclusion. They stated that sectors
with low rate of growth in productivity will face high
rate of growth in relative prices. An early consequence
3is that prices for services will grow faster than manufac-
tured production. The point is that a labor in farming
sector has roughly the same wage as a teacher. In 1900
a labor could harvest say 1000 kg of carrot and a teacher
could teach 20 students. So, a farmer could pay the price
of 50 kg of carrot as tuition fee. Agriculture is a progres-
sive sector and productivity grows in it over time. These
days a labor in agriculture sector may harvest 50,000 kg
of carrot annually. In education side however we have had
stagnation in productivity and a teacher still can teach
only 20 students. If we plan to keep tuition fee as the
price of 50 kg carrots, then the smart teacher leaves her
job. The balance is kept if the price for tuition becomes
equal to the price of 2500 kg carrots (of course ignoring
capital part in our discussion). So, the conclusion is that
tuition fee should grow with a rate higher than growth
of prices for the agriculture outputs.
Although we provided an example from the education
and agriculture sectors, the conclusion can be extended
to all other sectors. Suppose that economy has mainly
two classes of sectors, stagnant sectors and progressive
sectors. Through the point notified earlier we can con-
clude that as time goes by prices for stagnant sectors rise
comparing to the progressive sectors. This is called "the
Baumol’s cost disease phenomenon". This prediction of
Baumol and his colleagues has been validated in the real
world. In recent decades prices of services have grown in
all developed countries, to have real numbers and values
see [61].
From a thermodynamic point of view Baumol and
Bowen’s statement is actually the constraint we impose
on interacting systems at equilibrium. We suppose that
for interacting systems at equilibrium, intensive variables
are the same. Let’s see what are intensive and extensive
variables in a soup of interacting sectors in economy. If
you duplicate a sector, then capital and labors are dupli-
cated as well. So, these variables represent the property
of extensive variables. It is while wages and rate of re-
turn on capital keep their initial values. So, wage and
rate of return on capital act as intensive variables. In
thermodynamics if two interacting systems have differ-
ent temperature then we have a flow of heat. Heat flows
from the hot system to the cold one. As a result, tem-
perature of hot system decreases and temperature of cold
system rises. Heat flows until the two systems reach to
the same temperature at equilibrium. At equilibrium if
systems are in thermal contact then the intensive variable
of temperature becomes the same. If the systems are at
mechanical contact then the extended force become the
same. Same scenario works in economy.
If in a soup of sectors, wage are not the same between
different sectors, then we have flow of labors between
sectors. As a result, sectors which offer high wage, are
faced with abundant candidate and sectors with low wage
will face shortage. Thereby sectors with high wage have
the chance to decrease wages and sectors with low wage
because of the shortage of labor should increase their
wages. So, though there is friction for finding new jobs
or earning new skills, in the long run, wages should be
balanced in a reasonable manner. Same story goes for
the rate of return on capital. If we look at Eq. (4) it is
mathematically clear why growth in productivity results
in decline in prices. If we consider productivity in sector
a at two different times t and t′, then scaling properties
of Eq. (2) guarantees that
PatTat = Pat′Tat′ . (8)
So, equality of wages clearly results in Baumol’s state-
ment.
Equality of wages as a result of the mobility of labors
were notified by Baumol and Bowen. Same conclusion
was made for the rate of return on capital in [63] as a
result of the mobility of capital. In thermodynamics
when we put some systems beside each other and let
them have interaction, then theoretically we can find
equilibrium conditions. In other words we can find the
value of intensive variables and as well the aggregate
measure of extensive variables. Now, one may wonder
if a similar method can be followed in economy. The
answer is that if we accept all hypotheses concerning
equilibrium conditions and hypotheses concerning pro-
duction function we can perform such job.
- Aggregation of extensive variables in a het-
erogenous world
If we forget all discussions concerning the market
failure and as well problems such as "reswitching"
problem in the Cambridge capital controversy then we
can aggregate extensive values such as production and
labor income even in a heterogenous world. To explain
how we consider a simple economy as a toy model. Let’s
suppose we have a simple world and a simple economy
with only four products: tractor, power engine, CNC
router machine and wheat. Now for production function
in each sector we suppose:
- Farming Wheat Sector:
Forgetting the land, to produce wheat we need wheat
itself as seed, power engine and tractor. So, in a general
form we can write
QW = YW (TWLW , NWW , NWT , NWP , NWC). (9)
in which QW is the quantity of wheat produced and YW
is its production function. TW an LW state the level of
productivity and the number of labors in our wheat sec-
tor of economy. NWW states the measure of wheat itself
used as capital in its sector. Actually it is the measure
of wheat seeded in the ground. The number of tractors
used in this sector is indicated by NWT and the number
of power engines is denoted by NWP .
In our notation W,T, P , and C sequently indicate
"wheat", "tractor", "power engine", and "CNC ma-
chine". Though, we included NWC which stands for the
4number of CNC machines in the agriculture sector, it
does not have a direct effect in this sector and we may
simply write
QW = YW (TWLW , NWW , NWT , NWP ), (10)
which states that the amount of wheat produced in a
farm is a function of: labor, amount of wheat seeded,
the number of power engines and as well tractors used
there.
- Power engine:
To produce power engine machine we need CNC ma-
chines and power engine itself. In a general form we can
write
QP = YP (TPLP , NPW , NPT , NPP , NPC), (11)
in which NPW stands for the amount of wheat in a fac-
tory which produces power engine machines and NPT
states the number of tractors in that factory and so on.
Since, a factory which produces power engine machines
has nothing to do with wheat and tractor, in a more spe-
cific form we can write
QP = YP (TPLP , NPP , NPC). (12)
We can go further and write the production function for
two other sectors. The point is that in these equations, in
production function we have mentioned the quantity of
each good as capital. Actually we have entered quantity
of physical capital directly into the production functions
for each sector. We have eliminated the parameter of
money valued capital in production function to hesitate
at least part of problems with measurement of capital.
If you let us know the number of labors, the number of
tractors, the amount of wheat to seed and the produc-
tivity level we can simply predict the amount of wheat
which can be harvested in a farm. It does not matter
what the price of tractors or other capitals are in our
economy. We are using the physical quantities of units of
goods used as physical capital in this sector and we can
find the physical quantity of production in terms of such
physical capitals.
In a general form in an economy with a variety of goods
and services we can write
Qa = Ya(TaLa, Nab), (13)
in which Nab indicates the quantity of units of goods b
which is used as capital in sector a. In this equation b
basically ranges for all forms of goods produced in the
economy. Now, if we can identify all variables Nab, Qa,
and the prices of each good then we can aggregate exten-
sive variables in our economy. So, the question is how to
identify these parameters in the long run.
If in an economy we have M sectors which produce
M forms of intermediate and final goods, to address the
aggregate capital in equilibrium we should be able to in-
dicate all values of Nab. So, we have M
2 variables to be
identified. As well we need to deal with the problem of
price and indicate the prices of all goods. In other words
we have M more variables which we identify as Pa. To
measure quantities of production or Qa we should iden-
tify La and it requires M more values to be addressed.
So, to aggregate extensive variables in our economy, in
overall we need to identifyM2+2M variables. Now, let’s
see how many constraints we can impose on the variables.
Producers in sector a can utilize more and more goods
b as capital which is indicated by the parameter Nab. In-
creasing this capital is reasonable if and only if its benefit
compensates for its price or
Pa∆Ya ≥ Pb∆Nab(Rc + δb). (14)
This inequality is an extension of the inequality in Eq. (3)
to a heterogeneous world. The right-hand side indicates
the price for the raised capital and the left hand side
specifies money value of increased production.
In a competitive market at equilibrium we expect
Pa∆Ya = Pb∆Nab(Rc + δb). (15)
or
Pa∂Ya
Pb∂Nab
= (Rc + δb). (16)
This equation should hold for all varieties of a and b. So,
we have M2 constraints. Concerning wages we have M
constraints
Pa∂Ya
∂La
=W. (17)
Given the production functions these constraints identify
the price of all goods in terms of wage, rate of return
and depreciation rate. In addition to prices these equa-
tions identify the ratio of capital per labor in each sector.
- A bisector economy as an example
Let’s consider a bi-sector economy and impose the
above-mentioned constraints and observe the results. We
suppose in this bisector economy, production functions
for sector A and B are as
YA = (TALA)
1−λAA−λABNλAAAA N
λAB
AB
YB = (TBLB)
1−λBA−λBBNλBABA N
λBB
BB
(18)
In sector A , the set of constraints in Eq. (16) appear as
PA∂YA
PA∂NAA
= Rc + δA,
PA∂YA
PB∂NAB
= Rc + δB.
(19)
Concerning wage we have
PA∂YA
∂LA
=W. (20)
5We have three similar equations for sector B. If we write
these six equations and solve them we find that
PA =W [T
λBB−λAAλBB−λABλBB−1+λAA+λAB
A
T λABλBB+λABλBA−λABB (Rc + δ)
λABλBA+λAA+λAB−λAAλBB
λ
λAA(λBB−1)
AA λ
λAB(λBB−1)
AB λ
−λABλBA
BA λ
−λABλBB
BB
(1− λAA − λAB)
λAA+λAB+λBB−λAAλBB−λABλBB−1
(1− λBB − λBA)
λABλBB+λABλBA−λAB
]1/1−λBB−λAA+λAAλBB−λABλBA ,
(21)
in which for simplicity we have supposed that δA = δB =
δ. The interesting point is that as we expected improve-
ments in technology in sector B will affect price in sector
A through TB in this equation. For distribution of phys-
ical capital we find
NAA = LAW
λAA
PA(1− λAA − λAB)(Rc + δ)
NAB = LAW
λAB
PB(1 − λAA − λAB)(Rc + δ)
(22)
in which W/PA can be expressed in terms of other vari-
ables in Eq. (21). So, it seems that we can find distribu-
tion of capital in each sector. We should notify however
that the task is still incomplete. In the RHS we have
distribution of labors which so far is unknown. Actually,
none of the mentioned equations can address distribu-
tion of labors. If we define new variables nab =
Nab
La
,
then equations (16) and (17) reduce to
Pa
∂ya
∂nab
= Pa(Rc + δa),
Paya =W +ΣnPbnab
(23)
in which
ya(nab) =
1
La
Ya(La, Nab) = (24)
Ya(1,
Nab
La
) = Ya(1, nab) (25)
So, as it can be seen La is eliminated from all equations
and we can only obtain capital per labor in each sector
or nab = Nab/La. It is because we have supposed that
production function have constant return to scale in Eq.
(2).
Distribution of labors can be obtained from demand
side where consumers are supposed to maximize a util-
ity preference U(Ya − δbΣbNab). This optimization in
demand side shapes the final formation of economy and
actually the portion of each sector there. It then will
address distribution of labors. Given the constraint
ΣaLa = Lt, (26)
through the Lagrange method we can maximize utility
∂U
∂La
= C (27)
and find distribution of labors. Equations 26 and 27 pro-
vide M + 1 more constraints. One of them compensates
for the new variable C, and M of them are left for our
distribution of labors in economy.
To summarize this section we can say that for an
economy with M number of intermediate and final
goods, to address the matter of aggregation of ex-
tended values we have to identify M2 + 2M number
of variables. There is M2 variables of Nab which
indicates the amount of any good utilized as capital
in all sectors. Prices indicated by Pa as well have M
different values for all sectors. The number of labors
in each sector as well have M values. Now considering
equations (16), (17), (26) and (27) we have M2 + 2M
constraints to find these numbers and address relation
between intensive variables and as well aggregate our
extensive quantities. We should mention that one
of these variables is dependent to all others and actu-
ally identifies rate of return in terms of aggregate capital.
IV. AGGREGATION OF EXTENSIVE
QUANTITIES IN A TOY MODEL
In the neoclassical school of thought the concept of
production function has been widely used in both mi-
cro and aggregate level. The Cobb-Douglas production
function has been proposed to explain sustainable share
of wage income in the aggregate level. Despite its math-
ematical success, the Cobb-Douglas scenario fails Lucas
critique. In other words it lacks any micro based foun-
dation. There have been some efforts in this regards.
In [64] for example, a Pareto distribution of technology
improvement has been suggested as a micro base which
shapes the aggregate production function as the Cobb-
Douglas one. Such explanations however have not been
acclaimed as successful explanations in the mainstream
literature.
As stated earlier, in a neoclassical framework, pro-
duction, capital and labor resemble extensive variables.
So, we should be able to aggregate these quantities at
least within this framework. In this section we follow
the method explained in the previous section to find the
aggregate values of the mentioned quantities in a toy
models.
- A simple economy with no intermediate
goods:
In our toy model we imagine a very simple econ-
omy in which there is no intermediate goods and in each
sector, the only goods that is used as capital is itself.
As well we make another assumption that production
function for each good is a Cobb-Douglas one. In other
words we suppose that production function for any
6sector a is as
Ya = T
λa
a L
λa
a N
1−λa
a . (28)
in which Na is the quantity of units of good a which
has been used as capital to produce itself. Constraint on
wages in Eq. (17) appears as
PaλaT
λa
a (
Na
La
)λa−1 =
λaPaYa
La
=W. (29)
As well, constraint on capital in Eq. (16) appears as
(1 − λa)T
λa
a (
Na
La
)−λa =
(1− λa)Ya
Na
= Rc + δa. (30)
Through these equations, the long run price is obtained
as
Pa =W
1
λaT
λa
a
(
Na
La
)λa−1, (31)
or equivelently
Pa =W
1
λaTa
(
1− λa
Rc + δa
)
λa−1.
λa (32)
Through these equations we as well find the rate of cap-
ital per labor in each sector as
Na
La
= Ta(
1− λa
Rc + δa
)
1
λa (33)
Aggregate capital can be expressed as
Kt = ΣaPaNa =WΣaLa
1
λaT
λa
a
(
Na
La
)λa (34)
or equivelently
Kt =WΣaLa
1− λa
λa(Rc + δa)
. (35)
The first point to notice is that Eq. (33) imposes a con-
straint on the level of capital in each sector. Once you
let us know the level of capital per labor in one sector
then through this equation we can let you know the rate
of return for capital and through this level we can find
the level of physical capital per labor in all other sectors.
It can be done since the rate of return on capital plays
the role of intensive variable. As long that we accumu-
late capital through increasing the ratio Na/La in each
sector, then the rate of return decreases which causes the
aggregate production to rise. The golden level of produc-
tion in the Solow-Swan growth model is where the rate
of return is zero and the whole income for capital holders
compensate for depreciation.
It should be notified that the statement presented here
has been under debate in capital controversy. Actually
it is suffered from reswitching problem. In reswitching
problem we observe that under reduction of interest rate,
some technologies may reswitch and thereby the hypoth-
esis of smooth behavior in equations (33) and (35) can
be challenged which we have ignored in this work. For a
review over the matter see [54].
In these equations everything has been expressed in
terms of Na/La. None of equations cannot indicate dis-
tribution of labors in different sectors and the matter
of aggregation for extensive variables is incomplete. To
go further we need to know the utility preferences and
impose equation (27) for all sectors. To complete this
task for our case, let’s suppose that utility in our simple
economy has a simple form as
U = Πa(Ya − δaNa)
σa . (36)
Maximyzing this utility through Eq. (27), we reach to
σa
U
(Ya − δaNa)
λaYa
La
= C. (37)
Plugging Ya from Eq. (33) leads us to
La = σaλa
(Rc + δa)
Rc + δaλa
U
C
. (38)
The limited number of labors identifies C and we finally
obtain distribution of labors
La = Lt
λaσa(Rc + δa)/(Rc + δaλa)
Σb[λbσb(Rc + δb)/(Rc + δbλb)]
. (39)
So, the aggregate capital is
Kt =
WLt
Σb[λbσb(Rc + δa)/(Rc + δbλb)]
Σa
σa(1− λa)
(Rc + δaλa)
.(40)
The aggregate production is
GDP = ΣaPaYa =WΣa
La
λa
= (41)
WLt
Σb[λbσb(Rc + δb)/(Rc + δbλb)]
Σa
σa(Rc + δa)
Rc + δaλa
, (42)
and the labor aggregate share of income is
LtW
GDP
=
Σaσa(Rc + δa)/(Rc + δaλa)
Σb[λbσb(Rc + δb)/(Rc + δbλb)]
(43)
As it can be seen extensive variables were aggregated in
our toy model. Concerning the aggregate labor share,
it is interesting to see that while we fix all production
functions in the micro level (the set of λa), still the labor
share is dramatically changed by utility preference (the
set of σa) in the aggregate level.
V. SUMMARY AND CONCLUSION
In this paper we revisited production function and as
well Baumol’s cost disease phenomenon. We notified that
7in the language of thermodynamics, labor, capital, and
production are extensive variables. This is while wage
and rate of return on capital are intensive variables. We
tried to aggregate extensive quantities in a neoclassical
framework. We introduced a toy model to follow the
pattern where we could aggregate extensive variables,
namely the aggregate labor income. In our toy model
we observed that fixing all production functions in the
micro level, still utility preference is a key concept to
address extensive variables such as production or labor
income in the aggregate level. In this work we consid-
ered a unique form of utility preferences for all agents.
It would be interesting to check an extension to a het-
erogeneous utility and its possible impact on the relation
between variables.
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